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Subleading power x-section

The cross section can be expanded in a series of a small variable T,

) | 2n—1
or) = Co(r) + 3l |5+ | (1)
n NLP

Here 7 can be the N-jettiness variable, the threshold variable
1 — M?/s, the transverse momentum of a lepton pair g7, - -

@ Phenomenology: Useful for NNLO differential calculations in
q1/N-jettiness slicing methods [1612.00450, 1612.02911]

@ Theory: NLP factorization and resummation [1503.05156,
1610.06842, 1804.04665]

© Amplitude: general structure, soft theorem
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Soft-collinear anomalous dimensions at Leading Power

IR divergences of virtual corrections in QCD < UV divergences of
loop diagrams in Soft-Collinear effective theory [0901.0722]
Up to the two-loop level,

M= —Yeusp(as) Y Ti- TI( >+Zmas (2)

i<j
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Soft-collinear anomalous dimensions at Leading Power

IR divergences of virtual corrections in QCD < UV divergences of
loop diagrams in Soft-Collinear effective theory [0901.0722]
Up to the two-loop level,

r= *chsp(as) Z T;- Tj In <_/152U> + Z’Yi(QS) (2)

i<j

with | /s;; a hard scale.

Next-to-leading power?
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Subleading soft limit

Low-Burnett-Kroll Theorem: the relation between the amplitude
with a single soft particle and the amplitude without the soft

particle
L L
with
B = bl g bl g + T (4)

Not directly related to an observable at high energy experiments.
A series of work has been done in this field. [0811.2067, 1010.1860,
1410.6406, 1706.04018]
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Subleading power factorization

One difficulty at NLP is the interplay between soft and collinear
radiations, which induce the introduction of new elements, such as
“radiative jet function”. [1503.05156]

/ dye =Pk (|, (00, y )W (y)ju (0) ) (5)

0-jet/soft function [1804.04665], See |.Moult’s talk.
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Subleading power operators

N
LScET = Z ﬁi(wia ws) + ﬁs(ws) (6)

i=1
The general structure of subleading operators

N
J= [ de et )) O [[ltas i) (7)
i=1

where

JI iy 12; s H Tﬁu tlknl-‘r (8)

with gauge-invariant collinear ' bmldmg blocks”

bt ) € { Xi(tiniy) = I/\/I.Tf,- collinear quark
i(tini4

Al (tinjy) = WiT[iDﬁ,.W,-] collinear gluon
9)
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Subleading power operators

LP:
JRO(t;) = piltiniy) . (10)
NLP [O()), O(A?)]:
@ i0, — JAL =9, JAO
@ in_Ds=in_0+ gsn_As — eliminated by E.o.M
o more building blocks  — JBY = 4 (t; ni )i, (ti,niy)
@ new building blocks, e.g., n_A — eliminated by E.o.M

o pure soft sector Js, e.g., g ~ O(\3), F ~ O()\*), not needed
at NLP

@ time-ordered product operators

JT(t) = i/d“xT {J,f‘o(t,-),cﬁl)(x)} (11)
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LBK Theorem

Draw diagrams on the blackboard.
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LBK Theorem

Draw diagrams on the blackboard.

We reproduce LBK theorem with two time-ordered products

/ d*xT{J, £ (x)}, / d*xT{JA, LD (x)}
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LBK Theorem

Draw diagrams on the blackboard.

We reproduce LBK theorem with two time-ordered products

/ d*xT{J, £ (x)}, / d*xT{JA, LD (x)}

The LBK theorem has also been proven in the framework of
label-SCET, [1412.3108]. different operators, different propagators,
different vertices

The two formulations of SCET recover the LBK formula in rather
different ways.
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Anomalous dimensions

With the definition I = — ( d z) z1,

dinp
Fpo(x,y) =
—SiiXi, Xj
508(x — ¥) | ~eusn(@9) S-S T Ty In (—) 3 ()
i<i Kl H P
+23 80— y)rpa(x,y) + 2> 8(x — y)vko(v) (12)
i i<j

In the calculation, we have used offshellness to regularize the IR poles, and
found that they cancel between the soft and collinear contributions.

r— ( Tro Cer(@) ) _ ( ) 0 ) (13)
I’T(P/)Q I'T(P/)T(Q/) FT(p/)Q I'p/Q/
3a5CF
s - 4 (q)
7cusp(as) = ? and ’y,'k(as) = s (14)
0 (g)
i ’Ylfv’o 0 ) i ( 0 0 >
Y= i ) Y= i . 15
( 0 Yprq! ’Y'{'(P’)Q 0 ( )
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Collinear anomalous dimensions, B1 to B1 with F=2

i . OtST,'1 . T,‘2 . 1 . 1
Hoxpmnsbey) = 2T Te {wm (9(x n|5) -0
1— X 1— X
—0(x — 2 _f9(y — x 2
(x=y) ; (v —x) ) )
1, ., X X
~2 (010 (0 101) 55 (9(X - }’)§ +0(y — X)}j) } : (16)
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B1 to B1 with F=1

Yo anery) = 2T T {gﬁ”&x@ (o(x 5] rev-0] ]
0(x —y) X(x+y) 0y —x) ,_  _
+ % (V7 Das(x + y)x <9(Xy; ), H(yy; X)) }
 as(Cr J;;,-l T,) {gﬁuéaﬁ (0(xy—xy);()_< )+ e(yy— %) 5 y)>
¥ Q(M,vi})aﬁ(e(xyj)*(x—y— 1)+ W(i—y))}
+ O (s (17)

consistent with previous results [hep-ph/0404217, hep-ph/0508250] and recent
work [1806.01278].
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B2 to B2 mixing with F=1

(a,ii (b,1) (b,ii

%@%%

i
’VA/"E)”)(,A/’B"X(Xa y) =

pup _vo aSTil 'Ti2 _ 1 — 1
L {9(X y) [X_y]:r@(y x) [y_

—0(x—y) y” 0(y - )ijfy}

.

osTy - T; v.po os(Cr+Ty - T; v po
+ 817r ZMH P (x,y)— ( 871— 1 Z)NH P (X,y)
asC X
+ % 3 (2g —xvivL) (’M’M + 7gl ) ; (18)
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B2 to C2 mixing with F=1

i « oA
7:4#aau£7AodA)\e§(X7ylay2) = _é /;L;e (Xay17y2) . (19)
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Collinear anomalous dimensions with F=1

Ton | Tix
Yrg = JA 0| 0

B1 i
JAX 0 T Ax,Ax

A2 | B2 B2 2 2
Jaax JAaX Ja(AX) Jaa Jix

oo || 0] 00 0 0

Vi = Tio || 0 |(47) (4.8) |(4.22) (4.30)
e 2ol oo @) o o
J || 0 0 [(4.32) (4.33)
Jez |l o 35) (4.34
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Soft anomalous dimensions

’Yij
(78),(47%) (448, )

GHv = wr o ni_nj_
i =& ni—nj_ | (ni—nj_)P;iP; "
i—nj— i—Nj— )iy

@ The single insertions with £(}) never contribute to the
one-loop anomalous dimension matrix to O(\?).

@ The soft one-loop diagrams within a single collinear direction
do not contribute to the anomalous dimension at any power
of \.
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One £® insertion

o 0 (22)
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Two £(1) insertions in two directions

Y Yir)
(2.0, (1) (45, (Jssxé)
e Th (T, TG <7 L Wm') 85, (23)
.y ary
v y117yJ1)
(1), (J;; g) ( )(JACX,S)
’YV ',YKZ_
Yin o Yi Bs
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Soft quark interaction

i =0 25
r(p.c 0.0 (25)

ij _
7T(P,L(Qfgq),c\> =0 (26)
The fermion number is conserved up to one-loop and O(\?) —
classify the anomalous dimension according to collinear sectors
with definite fermion number.

If the quark is massive and light compare to the hard scale, then
there are large logarithms In” m?/Q2. Resummation of such kind

of logarithms is possible. [1412.0671, 1709.01092]
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@ We list the subleading power operators for a N-jet process in
SCET.

@ Their anomalous dimensions have been calculated in the cases
of fermion number |F| =1,2.

@ The general structure has a similar pattern to the Leading
Power result, but contains more information about the
operators.

@ These results are one important ingredient for a systematic
analysis of subleading power factorization and resummation.
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@ We list the subleading power operators for a N-jet process in
SCET.

@ Their anomalous dimensions have been calculated in the cases
of fermion number |F| =1,2.

@ The general structure has a similar pattern to the Leading
Power result, but contains more information about the
operators.

@ These results are one important ingredient for a systematic
analysis of subleading power factorization and resummation.

Thank you !
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